The effect of syllable-size reading units on neon color was investigated in 6 experiments. The stimuli consisted of 5-or 7-letter words or pseudowords with a syllable break either just before or just after the middle (target) letter. The target letter was overlaid with a plaid of red and green lines that gave it an ambiguous neon color. The letters preceding the target were overlaid with a monochromatic grid (red or green), and the letters following the target were overlaid with the other color. Ss were significantly more likely to judge the target as more similar to the color of other letters within its syllable than colors of letters outside that unit. The effect was shown not to be an artifact of guessing strategy or eye movements. Word structure determined by orthography and morphology affected neon colors, but no effect was found for purely phonological units.
A pragmatic assumption generally made in science is that the systems we study are closed or bounded. This assumption is tremendously useful, though of course, not necessarily true. Fodor (1984) , in an essay on the modularity of the mind, expressed this assumption in the following way. "The condition for successful science ... is that nature should have joints to carve it at: relatively simple subsystems which can be artificially isolated and which behave, in isolation, in something like the way that they behave in situ" (Fodor, 1984, p. 128) . Thus, in learning about color perception, we need not concern ourselves with theories of word perception. To the extent that our guesses about "joints to carve at" reflect the nature of the world, the boundedness assumption is useful. The problem, however, is that by carving the world up into systems, we will miss interactions among systems. To extend Fodor's analogy, if all we do is to carve a bird up at its joints, we will never learn how the whole fowl flies.
This article concerns an interaction between phenomena in two domains that are generally considered separate and, therefore, could be considered candidates for separate processing modules. The domains are color perception and word recognition. The phenomenon in color perception is the neon colors illusion (Van Tuijl, 1975) . The phenomena in word perception concern the effects of orthographic, morphological, or phonological structure (or some combination thereof). The present experiments demonstrate that ambiguous neon colors can be used to study (illuminate) functional orthographic and morphological units in word perception.
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In the neon colors illusion, an achromatic gray stimulus takes on the color of overlaid colored grid lines. In Figure 1 , for example, if the thin grid lines represent red lines and the thick lines represent green, then the objectively achromatic areas in the V and O will appear reddish and those in the K and A will appear greenish. The neon effect can be quite dramatic. It is easily created with graph paper and colored felt-tipped pens (or see Van Tuijl, 1975) . This effect may be related to various assimilation phenomena such as brightness assimilation (for a discussion, see Prinzmetal & Keysar, 1989) and the von Bezold illusion (Evans, 1948; von Bezold, 1876) . ' The neon effect is generally considered within the domain of vision. Variables that have been shown to affect the neon illusion are wavelength (Ejima, Redies, Takahashi, & Akita, 1984; Redies & Spillmann, 1981) , luminance (Van Tuijl & de Weert, 1979) , alignment of inducing lines (Redies & Spillmann, 1981; Redies, Spillman, & Kunz, 1984) , and the simplicity or goodness of the implied form (Day, 1983; Van Tuijl & Leeuwenberg, 1979) .
Word perception, in contrast, is generally considered to be in the domain of cognition. The study of word perception has a long history (see Huey, 1908) , and the research is too voluminous for this article's purposes than to do more than mention a few topics. A sample of topics that have been studied in relation to word perception include (a) attention and mental capacity; (b) the relation between spelling, phonology, and morphology; (c) the organization of the lexicon; and (d) the effects of semantic and syntactic predictability (for reviews, see Henderson, 1982; Just & Carpenter, 1987; Perfetti, 1985; Taylor & Taylor, 1983) .
This article concerns the use of orthographic, phonological, or morphological structure in word perception. There is a growing body of evidence for functional units in word perception that are larger than individual letters. Some of the proposed units include spelling units corresponding to individual phonemes (Gibson, Pick, Osser, & Hammond, 1962) , highfrequency bigrams (Seidenberg, 1987) , onset and rimes (Trei- Figure 1 . Sample stimuli from Experiment 1. (The thin grid lines represent one color, for example, red, and the thick lines represent the other color, for example, green.) man, 1985) , vocalic center groups {Spoehr & Smith, 1973) , basic orthographic syllables (Taft, 1979) , and morphemes (Chomsky, 1970) ,
The studies reported here investigate syllable-size units, whether of phonological, orthographical, or morphological origin. There is abundant evidence that such units play a part in word recognition. Both whole-word recognition and letter detection are more accurate with one-syllable words than twosyllable words {Spoehr & Smith, 1973, but also see Spoehr, 1978) . Words presented a few letters at a time are perceived more accurately when presented syllable by syllable rather than when divided in some other way (Mewhort & Beal, 1977) . Lexical decision times are faster when a space is inserted at a syllable boundary rather than at another location (Taft, 1979) . Similarly, a case change at a syllable boundary causes less interference than a case change elsewhere (Taft, 1979) .
The effect of multiletter units on color perception was explored by Prinzmetal and Millis-Wright (1984) and Prinzmetal, Treiman, and Rho (1986) by using the phenomenon of illusory conjunctions. Treisman and Schmidt (1982) had found that when subjects are briefly presented with strings of colored letters, they sometimes perceived the colors and letters in incorrect combinations. Treisman and Schmidt named this phenomenon "illusory conjunctions." For example, when presented with a stimulus display of a green T, yellow S, and blue N for 120 ms, a subject might perceive and report the T as yellow. Prinzmetal (1981) observed that illusory conjunctions were more likely between items within a perceptual group than between items in different perceptual groups. Perceptual grouping was determined by the gestalt factors of good continuation and similarity. Extending this finding, Prin/metal and Millis-Wright conjectured that if words are processed by groups of letters and nonwords are processed letter by letter, there might be more illusory conjunctions within words than nonwords. They found significantly more illusory conjunctions between colors and letters in monosyllabic words and pseudowords than in nonwords. Prinzmetal et al. (1986) used the illusory conjunction paradigm to look for direct evidence of syllablelike units in word perception. They briefly presented to subjects two-syllable words and pseudowords made of colored letters. They found that illusory conjunctions were two to three times more likely within a syllablelike unit than between units. It was as if the syllable boundary acted as a barrier to the migration of colors. Prinzmetal et al. found this effect with words and pseudowords that could be parsed on the basis of orthography. One example of an orthographic parsing is the bigram DK in VODKA, which usually does not occur as a syllable-initial or syllable-final consonant cluster, and hence the bigram must indicate a juncture (see Haber & Haber, 1983) . Prinzmetal et al. also found an effect with words that could be parsed morphologically (e.g., SUNUP, TODAY). However, they found no effect for words in which parsing is only indicated by phonology (e.g., CANAL, RELAX). Likewise, Seidenberg (1987) found more illusory conjunctions within orthographically defined syllablelike units. He attributed the orthographic effect to the low bigram frequency at syllable boundaries (e.g., DK in VODKA). Seidenberg also failed to find any effect of phonology on illusory conjunctions. Prinzmetal et al. (1986) concluded that syllablelike units of analysis, based on either orthography or morphology, affected the illusory conjunction of letters and colors with briefly presented displays. Because units defined on purely phonological grounds had no effect in either the studies done by Prinzmetal et al. (1986) or Seidenberg (1987) , these syllablelike units are not syllables in the linguistic sense. Hence, Prinzmetal et al. coined the term "reading unit."
Illusory conjunctions are the product of brief, tachistoscopic stimulus exposures. It has been argued that experiments using brief exposures do not adequately reflect "normal" perception, because "real-world" stimuli are generally available for more than a brief glance (e.g., see J. J. Gibson, 1979; R. N. Haber, 1983; Neisser, 1976; Turvey, 1977) . Hence, an analog to the Prinzmetal et al. (1986) and Seidenberg (1987) studies that did not use tachistoscopic exposure would be desirable: It would demonstrate the interaction between the domains of word and color perception and provide a converging operation for assertions concerning word perception made by Prinzmetal et al. (1986) .
The neon effect occurs with unlimited viewing time, and like the illusory conjunction effect, neon colors are influenced by perceptual organization (Van Tuijl & Leeuwenberg, 1979) . Therefore, Prinzmetal and Keysar (1989) reasoned that ambiguous neon colors might be affected by syllable structure in a manner similar to that of illusory conjunctions. Their paradigm was similar to that used in the present experiments. Subjects viewed five-letter words, one at a time, for as long as they wished. The words had a syllable break either after the second or third letter (e.g., GETUP, ANVIL). The first two letters were overlaid with a grid of lines (either red or green), and the last two letters were overlaid with the other color (either red or green). The middle letter was overlaid with an ambiguous plaid of both red and green lines. Figure 1 shows an approximation of a stimulus. (The exact dimensions are given in the Method section of Experiment 1.) For example, if the thin grid lines in Figure 1 were red and the thick lines green, the V and O would look reddish and the K and A would look greenish. In the illusory conjunction paradigm, subjects were more likely to see a letter as the color of other letters within the same syllable. Hence, Prinzmetal and Keysar predicted that subjects would be more likely to see the ambiguously colored middle letter as the color of letters within the same syllable. In the example illustrated in Figure 1 , subjects should be more likely to perceive the D as red than as green. The subject's task was to select a Munsell chip that most closely matched the color of the middle letter. The Munsell chips included saturated red, unsaturated red, unsaturated green, and saturated green. Subjects were significantly more likely to select a chi" " f the same hue as other letters within the same syllable as the middle letter. This was true for words in which the structure was defined by orthography or phonology (LARVA, ARGOT) or both, as well as for words with structure defined by morphology or phonology (e.g., SUNUP, TODAY) or both. The first goal of the present research was to test two alternative explanations for the effect of reading units on neon colors. Because Prinzmetal and Keysar's (1989) subjects were free to move their eyes, the results may have reflected the dominant color of the letters on which subjects fixated rather than some central mechanism. Another alternative explanation is that the responses of Prinzmetal and Keysar's subjects reflected a guessing bias rather than an effect of reading units on perception. Given an ambiguously colored letter (reddishgreen), subjects may have either a conscious or unconscious guessing bias to respond with the colors of letters within the same unit.
The second goal of the present research was to investigate the nature of the units revealed by neon colors. In particular, the experiments sought to determine whether the effect on neon colors was due to morphological, phonological, or orthographic factors.
Experiment 1 introduces the basic paradigm, attempts to replicate the results of Prinzmetal and Keysar (1989) , and also tests for an effect with pseudowords. Experiments 2 and 3 test the eye movement and guessing bias explanations of Prinzmetal and Keysar. Experiment 4 examines the effect of phonologically based syllables on neon colors. Experiment 5 further examines the role of phonology, and it also investigates whether the effect of syllablelike units increases with repeated exposure to the same stimulus items. Finally, Experiment 6 looks for an effect of morphological structure.
Experiment 1
Experiment 1 tested whether the effect of reading units on neon colors is a consequence of accessing the lexicon. This was done by comparing the effect of syllablelike units on words and pronounceable, orthographically regular pseudowords (e.g., VODKA, VOBK.A). If syllable-structure effects occur with words but not with pseudowords, the effects would seem to require some kind of lexical access. On the other hand, if neon colors are equally affected by syllable structure with both words and pseudowords, it would suggest that lexical access is not necessary. In this latter case, one might postulate a mechanism that applies abstract phonological or orthographic parsing rules to words as well as to pseudowords.
Finally, it is possible that neon colors illuminate syllable structure with both words and pseudowords but that the effect is greater with words. Such a result would imply that both lexical and nonlexical processes are at work: Words are parsed by both processes, whereas pseudowords are only affected by nonlexical processes.
Previous research comparing words and pseudowords has yielded mixed results. Baron and Thurston (1973) compared words and pseudowords in a two-alternative letter detection task (e.g., Reicher, 1969; Wheeler, 1970) . They found higher accuracy for words and pseudowords than for unpronounceable, orthographically irregular nonwords. In addition, they found no difference between words and pseudowords. However, Manelis (1974) and Joula, Leavitt, and Choe (1974) found higher accuracy for words than for pseudowords. Taken together, these results would seem to imply that lexical access is not necessary to facilitate letter detection performance. Although lexical access may influence letter detection, there must be some nonlexical mechanism that is used to process pseudowords. However, a caveat to this conclusion comes from two theories of performance in the letter detection task: Both the theories of McClelland and Rumelhart (1981) and Paap, Newsome, McDonald, and Schvaneveldt (1982) have been able to account for superior letter detection performance in pseudowords rather than in nonwords without either theory postulating extralexical knowledge.
By using illusory conjunctions, Prinzmetal and MillisWright (1984) compared monosyllabic words, pseudowords, and nonwords. There were more illusory conjunctions in words and pseudowords than in nonwords. However, words and pseudowords did not differ. Prinzmetal et al. (1986) looked for a syllable effect with words and pseudowords. They found more illusory conjunctions within syllables for both words and pseudowords, but the magnitude of the effect was the same for both types of stimuli. Thus, the illusory conjunction results argue for a nonlexical mechanism that parses both words and pseudowords. Purely lexical theories of letter detection (e.g., McClelland & Rumelhart, 1981; Paap et al., 1982) , in their present form, cannot account for the results with illusory conjunctions. These results, however, do not preclude the possibility of a lexical contribution to the effect. As Prinzmetal and Millis-Wright pointed out, the finding of no difference between words and pseudowords is equivalent to confirming a null hypothesis. Furthermore, there is some evidence in the illusory conjunction task for lexical involvement. Prinzmetal and Millis-Wright found more illusory conjunctions in familiar abbreviations than in nonwords. If abbreviations are "lexical," this would argue for a lexical component in feature integration. However, there is as yet no evidence that lexical information has an independent effect on the formation of reading units (e.g., syllables). Experiment 1 tests whether words and pseudowords yield different effects on neon colors.
Method
Procedure. Five-letter words and pseudowords were presented one at a time. The subject's task was to indicate the color of the middle letter by selecting a Munsell chip. The chips were as follows (Munsell values in parentheses): saturated red (2.5 R 7/6), unsaturated red (2.5 R 7/2), unsaturated green (2.5 BG 7/2), and saturated green (2.5 BG 7/6). Each subject made color judgments on four blocks of 64 trials. Each of 32 stimuli was presented twice in each block. On one presentation, the first two letters were overlaid with a red grid and the last two letters with a green grid The other presentation had the opposite color assignment. (The middle letter was always overlaid with a red and green plaid.) The order of the stimuli within a block was random, and the experiment took about 35 min, Stimuli. The 16 words and pseudowords are listed in the Appendix. The pseudowords were created by replacing one letter in each of the word stimuli (e.g., VODKA-»VOBKA). The stimuli with a syllable break after the second letter had the form vccvc, and the stimuli with a syllable break after the third letter had the form cvccv (V = vowel and C = consonant). The syllablelike structure in the stimuli can be described in two different ways. Phonologically, the syllable corresponds to a sequence of two consonant sounds that does not occur in an English syllable. Orthographically, the break can be described either in terms of two consonant letters that rarely occur sequentially within the same syllable in English spelling or as a lowfrequency CC cluster.
The stimuli were viewed from a distance of 15 ft (4.57 m) in a dimly lit room and were presented on a Vectrix color system (model 384) controlled by an Apple He computer. The stimuli were composed of gray letters on a black background. The letter strings subtended 0.2° of visual angle vertically and 0.8° horizontally. The grid spacing was 37 lines per degree or 1 line every 5 pixels. The grid lines were 1 pixel wide and were just barely resolvable. The grid lines, which were superimposed on the stimulus letters, were always in the same physical location so that where the lines fell within a particular letter depended on the shape of the letter and the position within the stimulus.
On the basis of pilot data, shades of red and green were selected so that there would be no overall tendency for subjects to select one color more than the other. The colors approximately matched Munsell values 2.5 R 7/6 (red) and 2.5 BG 7/6 (green). The luminance of the gray of the letters was approximately 0.5 od/m 2 , and the luminance of the background was approximately 17.5 cd/m 2 . Subjects. Twelve subjects (7 women and 5 men), recruited at Princeton University and from the Princeton community, were paid to participate in this experiment. All subjects had normal or correctedto-normal vision and had no known deficits in color vision. The average age was 27 years. All subjects were native English speakers and were naive to the purpose of the experiment. All of the subjects in the experiments reported in this article were recruited from the same population unless otherwise noted.
Results and Discussion
The distribution of responses, averaged over red and green, is presented in Figure 2 . Subjects were more likely to select an unsaturated (76.3%) rather than saturated color (23.7%), thereby indicating that neon colors are not as saturated as the inducing lines. In the analysis presented here, the data are collapsed over saturated and unsaturated responses.
Subjects were more likely to select the color of letters within the same syllable as the middle letter than to select the color of the Letters within the other syllable color (62.6% and 37.4%, respectively). They chose the same-syllable color significantly more often than expected by chance in both analyses with subjects and items as the random variable, F(\, \ 1) = 79.79, MS e = 2.431, and /"(I, 28) = 17.40, MS, = 11.152, respectively (ps < .001). The difference was also significant in a combined analysis over both subjects and items, quasi F'(i, 32)= 15.34, p<. 01.
There was no difference in the magnitude of the syllable effect for words and pseudowords. For words, subjects selected the color within the same syllable on 62.9% of the trials. For pseudowords, this figure was 62.2%. The difference did not approach significance with either words or subjects as the random variable.
These results are similar to those of Prinzmetal and MillisWright (1984) and Prinzmetal et al. (1986) , who found that words and pseudowords did not differ in either the number of illusory conjunctions or the tendency to make illusory conjunctions within syllables. Because pseudowords are not in the subjects' lexicons, these results argue that there is a nonlexical mechanism that affects neon colors.
Although Experiment 1 argues for a nonlexical mechanism affecting neon colors, caution should be exercised in rejecting the possibility that neon colors can also be affected by lexical information. There are several reasons why words might not have shown a greater effect than pseudowords. Some of our words are quite rare and may have been functionally pseudowords for our subjects. Also, a few pseudowords were repeated eight times in the experiments, and repeated exposure may have made the pseudowords more wordlike. In the whole report task, for example, performance for words is generally better than for pseudowords. However, if the same stimuli are presented repeatedly, performance for pseudowords may equal words (e.g., Salasoo, Shiffrin, & Feustel, 1985) . The effect of repetition on neon colors is examined later. Finally, it might be that words can be parsed by either lexical or nonlexical processes, but there is a limit to the influence that these factors can have on the perceived color of letters, and this limit was reached in Experiment 1, Cognitive issues, such as the role of lexical information, are taken up in Experiment 4. Before pursuing these cognitive questions, Experiments 2 and 3 address two alternative explana-tions of the results of Experiment 1 and the Prinzmetal and Keysar (1989) study.
Overall, there was no reliable tendency for subjects to select one color more than the other. Five subjects selected red more often than green, and 7 subjects selected green more often. In the remaining experiments the results will be reported averaged over the two colors, because (a) overall, there was no preference to select one color, (b) we used the same colors in all of the experiments, and (c) reading units were counterbalanced across color.
Subjects were more likely to choose the color of the last two letters rather than the first (61.8% and 38.2%, respectively). This was reliable both with subjects and items as random variable, f\\, 11) = 21.51, MS, = 8.021, and F(\, 28) = 15.47, MS, = 11.152, respectively, and it was also significant in the combined analysis, quasi F'(l, 32) = 9.46 (all ps < .01). Prinzmetal and Keysar (1989) found the opposite tendency: more responses of the color of the first two letters. It is not clear what causes subjects to choose the color of the first or last letters.
Finally, it might be appropriate to comment on the phenomenal appearance of the ambiguously colored target letters. These stimuli yield several different percepts. Sometimes the target letters look red on one side and green on the other. At other times they appear to have alternately red and green blotches throughout. They can appear uniformly red or green, or they can appear uniformly colored but with a color that is difficult to name. Thus, although the responses in these experiments are discrete, the underlying percepts are not. These various percepts seem similar to descriptions of "reddish-green" stimuli created by Crane and Piantanida (1983) . Their stimuli consisted of a field of red stripes on one side and green stripes on the other. The boundary between the fields was stabilized on the retina. Whatever the phenomenal appearance of the ambiguously colored letters in the present experiment, subjects judged these letters to be more similar to the colors of other letters in the same syllable.
Experiment 2
The goal of this experiment was to investigate the possible role of eye movements in the results of Experiment I.
2 It could be that the results were a consequence of some eye movement or fixation strategy. For example, with unlimited exposure, subjects may mostly fixate the longer syllable (i.e., the one containing the critical letter) because this syllable contains more letters and takes longer to analyze. Hence, there would be more color information from this syllable. In Figure 1 , if the thin lines represent red and the subjects fixate on the VO, then there would be more red in the fovea. Therefore, subjects might be more likely to see the D as red.
A simple way to test this possibility is to present the stimuli for a duration shorter than the time required to initiate and complete a saccadic eye movement. This is possible because neon colors can be seen in about 30 ms (Redies & Spillmann, 1981) , although it takes around 200 ms to initiate and complete a saccadic eye movement. In the present experiments, words with the syllable breaks in different positions are presented randomly mixed within blocks so that, before a trial, subjects did not know where the syllable break would occur. With a brief exposure, subjects would not have a chance to move their eyes to the longer syllable.
It is somewhat ironic that an alternative explanation involving eye movements should be tested with tachistoscopic exposure, because one of the goals in using neon colors was to see if color perception would be affected by reading units with unlimited viewing. Nevertheless, the experiment provides an opportunity to investigate whether neon colors behave differently with brief and unlimited exposure.
Method
The procedure was the same as in Experiment 1, with the following exceptions. A mostly new set of 16 words and 16 pseudowords was used (see Appendix). These were presented one at a time for 150 ms, followed immediately by a white field (the highest intensity red, green, and blue). The white poststimulus field made unusable any information that persisted in the monitor phosphor. Subjects made a twoalternative forced choice, indicating by pressing a button whether the critical middle letter looked more red or more green. There were 16 subjects (7 women and 9 men), selected as before, and each subject participated in six blocks of 64 trials.
Results and Discussion
The results were in the same direction as in Experiment 1. Subjects selected the color of letters within the same syllable on 55.8% of the trials and the color of letters in the other syllable on 44.2% of the trials. This result was reliably greater than expected by chance both with subjects and items as the random variables, F(l, 15) = 12.97, MS, -9.866, and F(l, 28) = 14.78, MS, = 8.689, respectively (p < .01 for both). The difference was also significant in a combined analysis over subjects and items, F'(l, 32) = 7.41, p < .05.
The effect was as strong for pseudowords as for words. Subjects selected the same-syllable color on 55.9% and 55.6% of trials for words and pseudowords, respectively. This difference did not approach significance with either words or items as the random variable.
Finally, as in Experiment 1, subjects tended to select the color of the last two letters. The color of these letters was selected on 55.3% of trials. However, the effect was significant only with items as the random variable, F(l, 28) = 11.94, MS, = 8.689, p < .005. In summary, with a brief exposure, which precluded eye movements, the results were in the same direction as in Experiment 1.
Experiment 3
It might be argued that subjects are not more likely to perceive the critical middle letter as the color of same-syllable letters. Rather, subjects are more likely to use syllablic structure to help them guess, given an ambiguous stimulus. By this explanation, the results of Experiments 1 and 2 might reflect a guessing bias. The simplest version of the guessing bias hypothesis is probably wrong. The subjects in Experiments 1 and 2 (and in Prinzmetal & Keysar, 1989) were informally debriefed, and they rarely showed any awareness of the hypothesis. In this experiment, subjects were systematically debriefed in order to verify those previous observations. However, another version of the guessing bias hypothesis is more difficult to refute. The bias may be unconscious and may operate even though subjects are not aware of the structure of the stimuli. To test this hypothesis, each subject in the present experiment participated in two sessions. In the first session (guessing session), the stimuli were created as before, except that the middle critical letter was not overlaid with a red and green plaid but was white. The subject's task was to guess what color (red or green) the middle letter should be. As in Experiment 2, subjects made a two-alternative forced choice. In the second session (perception session), the middle letter was overlaid with a plaid of red and green. In this session, subjects were asked to respond whether the middle letter appeared more red or green. Subjects were formally debriefed after each session. If the previous results reflect a guessing bias, then reading units should have an effect in both sessions. However, if the results reflect perceptual processes, reading units should have an effect only in the second session. Furthermore, the effect of reading units in the perception session should be reliable for those subjects who were neither consciously aware of the hypothesis nor showed a bias to guess the color of letters within syllables in the guessing session. Finally, to make it less likely that subjects would consciously guess the hypothesis, one-syllable filler words were included in both sessions.
Method
In the first session, the first and last two letters were overlaid with a grid of red and green lines, as before, but the middle letter was not overlaid with colored lines. The middle letter was white (as opposed to the gray of the other letters) to minimize the possibility of any color spreading from the neon colored letters. Subjects were shown the first stimulus and given the following instructions:
The purpose of this experiment is to test your guessing ability. Notice in this display that the first two letters are reddish (or greenish) and the last, greenish (reddish). Later on, at the end of this experiment, the computer will show you the center letter colored either red or green. Your job is to guess whether you think that the computer will color the center letter in red or green. In some of the letter strings, the center letter will be red, in others it will be green.
The first block consisted of 64 one-syllable words and pseudowords. The subjects were then tested on four blocks of 128 trials per block. Each of these blocks included 64 trials with the same two-syllable words and pseudowords used in Experiment 2 and 64 trials with filler one-syllable words. Finally, the block of only one-syllable words was repeated. The order of stimuli within blocks was random, and the stimuli remained in view until the subject responded.
The second session was conducted on a subsequent day. This session was identical to the first, except that the middle letter was the same gray as the other letters and was overlaid with a plaid of red and green lines (i.e., the same as Experiments 1 and 2). The subject's task was to indicate whether the middle letter appeared more red or green.
After each session, subjects were asked to write down the factors that made them choose one color over the other. Fifteen subjects (10 women and S men) participated in the experiment
Results and Discussion
Three independent judges read subjects' explanations of what caused them to select one color over the other. The judges unanimously concurred that three of the explanations from the guessing session indicated some awareness of the syllable structure of the stimuli. In the guessing session, these 3 subjects chose the within-syllable color on 74%, 67%, and 92% of the trials (all ps < .001 by sign test). One additional subject's protocol did not mention anything like syllable structure, but that subject selected the same-syllable color on a significant proportion of guessing trials (77%). These 4 subjects were eliminated from subsequent analyses. The remaining 11 subjects chose the color of letters within the syllable in the guessing session an average of only 49.9% of the trials (SD = 2.47%). None of these subjects showed any awareness of the hypothesis in the debriefing after either session.
The 11 subjects who showed neither a conscious nor unconscious guessing bias showed a significant interaction between the syllable effect and session (guessing vs. perceiving). In the guessing session, as indicated earlier, these subjects chose the color of letters within the syllable on 49.9% of trials. (This is, of course, not remarkable because subjects who showed a guessing bias were not included in the analysis.) However, in the perception session, they selected the samesyllable color on 56% of trials. The interaction was significant both with subjects and items as the random variables, F(\, 10) = 22.56, MS, = 0.975, andf(l, 28) = 5.62, MS, = 3.915, both ps < .05. The interaction was also reliable in an analysis with both subjects and items as random variables, quasi F' (1, 26) = 5.33, p < .05.
In the guessing session, there was a tendency for subjects to choose the color of the first two letters. This tendency was the opposite of the results of Experiments 1 and 2. However, this effect was reliable only with items as the random variable, F(l, 28) = 9.07, MS, = .564, p < .05. There were no other significant effects or interactions in the guessing session with either words or items as the random variable.
In the perception session, the choice of colors within syllables was reliably greater than expected by chance both with subjects and with items as the random variables, F(l, 10) = 20.62, MS, = 1.944, and F(l, 28) = 6.51, MS, = 6.158, respectively, both ps < .05. It was also reliable in the analysis with both subjects and items as random variables, quasi F'(l, 29) = 5.58, p < .05.
In the perception session, subjects chose the color of the last two letters on 59.5% of the trials. This effect was reliable both with subjects and items as random variables, F(l, 10) = 20.35, MS, = 5.013, and F(\, 28) = 16.57, MS, = 6.158, respectively. It was also reliable in the combined analysis, quasi F'(l, 27) = 9.95, all ps < .005.
In summary, most subjects showed no awareness of the hypothesis either in terms of their written protocols or in terms of their responses in the guessing session. Yet, subjects were more likely to perceive the critical letter as the same hue as other letters within the syllable. In this experiment onesyllable filler words were included to reduce the possibility of a guessing bias. If the inclusion of one-syllable filler words affected the probability of subjects becoming aware of the hypothesis, then this experiment might not be an appropriate control for the other experiments in this article because the other experiments did not include one-syllable filler words. To test for this possibility, the perception session of Experiment 3 was replicated with 12 additional subjects without the filler items. As in Experiment 3, subjects were asked to write down what factors led them to choose one color over another. The syllable effect was replicated: The percentage of samesyllable versus other syllable responses was 55.4% and 44.6%, respectively. Every subject responded more often with the same-syllable color, but only one mentioned anything related to syllable structure.
I cannot claim that subjects cannot guess the purpose of these experiments (3 did in the main experiment, 1 in the replication). Nor would I claim that guessing biases cannot affect the results. However, a scrupulous attempt was made to eliminate the effect of such a bias by excluding any subject who showed a conscious awareness of the hypothesis or any subject who guessed in a manner consistent with such a hypothesis. Reading units still affected neon colors. Although there may be other ways of testing for a guessing bias, the present evidence does not favor such an explanation.
Experiment 4
The final three experiments return to cognitive issues. The reading units so far revealed by neon colors in Experiments 1-3 can be characterized in two broad ways. Phonologically, the syllable breaks occur because of phonotaclic constraints (Fallows, 1981; Fudge, 1969; Kahn, 1980) . For example, in VODKA, the sequence of consonant phonemes /dk/ does not occur in either the syllable-initial or syllable-final position. Hence, in VODKA the /d/ and /k/ must belong in different syllables.
Strings like VODKA and ATM AS can also be parsed orthographically. The sequence DK not only is a low-frequency bigram (Seidenberg, 1987) but also rarely occurs in the syllable-initial or syllable-final position in English orthography (Haber & Haber, 1983) .
Experiment 4 tested whether phonology by itself can affect neon colors. If no evidence is found for an effect of phonology on neon colors, the previous findings can be attributed to orthography. This research strategy was used by Prinzmetal et al. (1986, Experiment 4) and by Seidenberg (1987) . These investigators looked for an effect on illusory conjunctions of structural units in words based only on phonology. Purely phonological factors did not affect the pattern of illusory conjunctions. However, that task involved a brief exposure, and it is possible that under those circumstances there was insufficient time to form a phonological code. There is evidence that with sufficient time, subjects can use phonological information to parse printed words. For example, Treiman and Danis (1988) asked subjects to first read two-syllable words aloud and then to indicate where they would divide the words. Phonological factors, such as stress assignment, affected where subjects divided the words (also see Fallows, 1981; Treiman & Zukowski, 1990 ). The present experiment reexamined the effect of phonologically defined structure with unlimited viewing time and neon colors. Unlike the studies by Treiman and her colleagues, subjects in the present experiments are not explicitly asked to parse the words. Thus any structure revealed by neon colors would seem to reflect automatic processes.
The same five-letter words that were used by Prinzmetal et al. (1986, Experiment 4) were used in this experiment (see Appendix). All had the form cvcvc. Half (e.g., LAPEL) had a syllable break after the second letter according to both the Webster's Ninth New Collegiate Dictionary (1984) and the Random House College Dictionary (1984) . In all these words, the stress was on the second syllable. According to many linguistic theories, the medial consonant belongs to the stressed syllable (e.g., Kahn, 1980; Selkirk, 1982) . There is ample psychological support for this claim (e.g., Fallows, 1981; Treiman & Danis, 1988) . For these words, phonological factors would predict that subjects would be more likely to perceive the middle letter as the color of letters in the second syllable.
The remaining words (e.g., CAMEL) have the stress on the first syllable, and therefore, according to some linguistic theories (e.g., Selkirk, 1982) and the dictionaries just mentioned, have a syllable break after the third letter. However, other linguistic theories claim that the medial consonant in words like CAMEL is ambisyllabic, that is, it belongs to both syllables (Kahn, 1980 ; also see Treiman & Danis, 1988) . Hence, with words like CAMEL, subjects should be more likely to perceive the middle letter as the color of the first two letters, or if the consonant is ambisyllabic, should show no consistent pattern.
Orthographically, there is no reason to predict a difference between words like LAPEL and CAMEL. The medial consonants are all legal in syllable-initial and syllable-final positions (Haber & Haber, 1983) . The bigram frequencies preceding and following the medial consonant are not significantly different for either set of words (Mayzner & Tresselt, 1965 ). Taft's (1979) orthographic hypothesis predicts that subjects will assign the consonant to the first syllable. This hypothesis predicts that subjects should be more likely to give the color of the first syllable for both sets of words. To summarize, orthographic factors would predict that words like LAPEL and CAMEL will behave similarly, whereas phonological factors predict that they will yield a different pattern of responses.
The procedure was identical to the perception session of Experiment 2. Twelve subjects (6 women and 6 men) each participated in four blocks of 48 trials.
Results and Discussion
Subjects were no more likely to respond with the color of letters within the same syllable (dictionary phonology) than in the other syllable (51.6% and 48.4%, respectively). The difference did not approach significance with either subjects or items as the random variables, F(l, 11) = 1.77, MS e = 1.273, and F(l, 22) = .33, MS, = 6.899.
There was, as in the previous experiments, a significant tendency for subjects to respond with the color of the last two letters. Overall, subjects responded with this color on 60% of the trials. This effect was reliable with both subjects and items as the random variables, F(l, 11) = 6.01, MS, = 15.820, and F(l, 22) = 13.78, MS, = 6.899, respectively (ps < .05 for both). The combined analysis was also significant, quasi F'( 1, 19) = 4.34, p < .05. These results are inconsistent with Taft's (1979) theory that predicts that the middle letter will group with the first two letters.
The tendency to choose the color of the first two letters means, of course, that with words like LAPEL, subjects chose the color of letters within the same syllable, consistent with phonology. However, the tendency to choose the color of the last two letters was the same for words like CAMEL (58.6%) and for words like LAPEL (61.7%). The interaction was not significant with either subjects or items as the random factor, F(\, 11) = 1.77, MS, = 1.273, and F(\, 22) = 0.33, MS. = 6.899. Recall that in each of the previous experiments, subjects tended to choose the color of the last two letters. If there were a phonological influence on the perception of colors with words like LAPEL, then subjects should have chosen the color of the last two letters more often with words like LAPEL than CAMEL. This was not the case. Furthermore, phonological considerations do not predict that subjects would parse words like CAMEL after the second letter. Thus, the present experiment fails to reveal any clear evidence for an effect of phonology in the present task. The role of phonology is further examined in Experiment 5.
Experiment 5
Experiment 5 had two goals. The first was to investigate further the role of phonology in the syllablelike reading units revealed by neon colors. In Experiment 4, phonological structure was determined by stress assignment. Although there was good evidence for the effect of stress (Fallows, 1981; Treiman & Danis, 1988) , it is not the only determinant of phonological syllable structure. For example, although there is a tendency for intervocalic consonants to belong to the stressed syllable, there is also a tendency for them to belong to the following syllable (Fallows, 1981; Treiman & Danis, 1988) . This effect would cause a cvcvc to be parsed cv/cvc. The tendency to maximize the onset of the second syllable is consistent with the finding in Experiment 4, in which subjects responded with the color of the second syllable. It is possible that the effect of stress was offset by this other factor. Experiment 5 used words in which the phonological syllabic parsing was unambiguous. Two different vocalic peaks always belong to separate syllables. For example, the phonological parsing of NAIVE must be between the A and the I. All of the words in this experiment had vowel bigrams with each letter representing a different vowel sound. Eight of these had an unambiguous phonological break after the second letter (e.g., NAIVE. DIANE), and eight had a phonological break after the third letter (e.g., FREON, BRUIN; see Appendix). If the units revealed by this task are phonological, subjects should be less likely to respond that the target vowel letter is the color of the other vowel, because these letters belong to different phonological syllables.
The opposite prediction could be made on the basis of general orthographic patterns. This is because both letters in a vowel bigram generally belong to the same syllable. Hence, if the phonological code of a word like NAIVE is not generated, subjects should be more likely to respond that the I is the color of the NA than the VE. The tendency for vowel bigrams to belong to the same syllable is fairly strong. The words used in these experiments were drawn from a computerized dictionary of 80,000 words. In this corpus, there were 2,881 fiveletter words from which the stimuli in these experiments were selected. Of the five-letter words, there were 128 words with vowel bigrams representing different syllables (e.g., NAIVE) but 660 words with vowel bigrams belonging to the same syllable. Hence, in this experiment, phonology and spelling patterns make the opposite prediction.
The second goal of Experiment 5 was to look for the effect of repeating the same stimuli on neon colors. One explanation for the finding in Experiments 1 and 2 that words and pseudowords did not differ was that the stimuli were presented numerous times. With repeated exposure, the pseudowords may have become as familiar as words (see Salasoo et al., 1985) . The effect of repetition, if it exists, may have been exacerbated because each pseudoword was derived from a word that was also in the experiment (e.g., VQBK&, VODKA). Furthermore, color was counterbalanced within blocks so that each stimulus appeared twice within a block. For example, VOBKA and VODKA each appeared twice within the first block so that it was impossible to tell whether the effect existed from the very first exposure. In the present experiment, the pseudowords were not related to specific words, and the design permitted the testing of whether the effect with pseudowords exists on the first exposure and whether it increases with repeated exposure.
Method
Sixteen words and 16 pseudowords were used in this experiment (see Appendix). Half of each type of stimulus had a syllable break after the third letter, half after the second letter. The words had a bigram of letters representing vowels in either the second and third positions (e.g., NAIVE) or third and fourth positions (e.g., BRUIN). The pseudowords were similar to those in Experiments 1 and 2 in that the structure was determined by the occurrence of a consonant bigram that is rarely within a syllable in English spelling or phonology (e.g., ABMOT, ZIRVO). Unlike the previous pseudoword experiments, the present stimuli were not related to specific words by the substitution of a single letter.
Each stimulus appeared only once within a block. The color of the first and last two letters was counterbalanced across subjects and blocks. Hence, for even-numbered blocks, half of the subjects would have half of the stimuli with the first two letters red and the last two green. The other half of the stimuli had the opposite assignment. This was reversed for odd-numbered blocks. The other half of the subjects had the opposite color assignment for even-and odd-numbered blocks. Each subject participated in 10 blocks.
Also unlike the other experiments reported in this article, this experiment was run on a Mac II with an AppleColor high-resolution monitor (model M0401 ). 3 The size of the letters (Helvetica 5 8), colors, viewing distance, and conditions were as closely matched to the previous experiments as possible. In all other respects, the procedure was the same as in Experiment 4. Twelve subjects (7 women and 5 men), recruited from the subject pool of the Psychology Department at the University of California, Santa Barbara, participated in the experiment.
Results
The results are shown in Figure 3 . For the pseudowords, subjects were more likely to respond with a same-syllable color than a different-syllable color (57.3% and 42.7%, respectively) replicating Experiments 1 and 2. Eleven of the 12 subjects responded with the same-syllable color on more than 50% of the trials. The effect was consistent across blocks. For the words, which owe their structure only to phonology (e.g., NAIVE, BRUIN), subjects were not more likely to respond with the color of letters within a phonologically defined syllable. On the contrary, consistent with the orthographic grouping of vowel bigrams, subjects responded with the color of letters in the other syllable on 57.6% of the trials (i.e., 42.4% same syllable). Eleven of the 12 subjects responded with the other syllable color on more than 50% of the trials.
The difference between pseudowords and words (see Figure  3 ) was reliable both with subjects and items as the random variable, F(l, 11) = 52.1, MS, = 16.230, and F(l, 28) = 5.2, MS, -48.684, ps < .05. It was also reliable in a combined analysis, min ^(1, 33) = 4.74, p < .04.
The effect of block (i.e., repetition) was not significant in the analysis over subjects or items, F(9, 99) = 1.47 and F(9, 252) = 1.52, MS, = 2.335, ps > . 10. The effect of block also did not significantly interact with item type (words vs. pseudowords). The F ratios for this interaction over subjects and items were F(9, 99) = 0.889, MS, = 1.615, and F(9, 252) = 0.923, MS, = 2.335, respectively.
As in the previous experiments, subjects were more likely to respond with the color of the last two letters (61.1% and 38.1%, respectively) and this was reliable over subjects and words, F(l, 11) = 33.33, MS, = 1.615, and F(\, 28) = 11.92, MS,= 48.684, p-c.Ol.
Discussion
The first goal of this experiment was to test whether unambiguous phonological syllables would affect neon colors. The results, consistent with Experiment 4, indicate that the units of analysis thus far revealed in these experiments are not phonological. Prinzmetal et al. (1986) also failed to find an effect of phonology on word structure as indicated by illusory conjunctions. However, the failure to find an effect of phonology with illusory conjunctions may be due to the fact that with a brief exposure, there is insufficient time to generate a phonological code. Unlike the illusory conjunction task, in the present experiments there was plenty of time for subjects to generate a phonological code.
widely available computer, making it easy to replicate or extend these experiments. To receive the necessary software, please send the author a blank 3.5-in. disk.
The possibility of phonological coding cannot be rejected, however. Subjects may automatically generate a phonological code in terms of a sequence of phonemes, not syllables. Coltheart (1978) , for example, explicitly argued for a phonemic code and against a syllablic code. It might be possible to look for the structural consequences of such a code with neon colors by comparing, for example, bigrams representing one or two phonemes (e.g., TH vs. ST). Regardless of whether a phonemic code is automatically generated, the structure revealed in the present experiments is not phonological.
The second goal of this experiment was to test whether the effect with pseudowords was apparent on their first presentation or whether it was a consequence of the familiarity with repeated exposure. Because phonology had no effect in Experiments 5 and 6, the pattern of results can be attributed either to spelling patterns or to stored lexical information. The fact that pseudowords behaved like words in Experiments 1 and 2 makes it arguable that spelling patterns do affect neon colors independent of lexical information. Furthermore, the previous results cannot be attributed to repeating pseudowords many times because in the present experiment, the effect of structure was apparent on the first presentation of each stimulus (i.e., Block 1, Figure 3 ) and it remained constant. The influence of spelling patterns and lexical information are not mutually exclusive, however, and the influence of lexical information on neon colors is investigated in Experiment 6.
Experiment 6
The results with pseudowords suggest that specific lexical information is not necessary to affect neon colors, but it is still possible that lexical information can have such an effect independent of spelling patterns. One explanation for the failure to find an effect of phonology on neon colors is that there might be no lexical influence in this task. Words like LAPEL owe their syllabification to stress patterns, and that information is only available as a consequence of lexical access. For example, there could be an English word pronounced /lap-el/. On the other hand, if neon colors are only affected by prelexical information (i.e., spelling patterns), one might expect an effect with words and pseudowords like VODKA and ATMAS because the structure is inherent in the letter string.
There is some evidence that lexical information affects neon colors. Prinzmetal and Keysar (1989) tested five-letter compound words in the neon color task (e.g., LETUP, TODAY). The middle was judged more similar in color to letters within the same morpheme than to the other letters. With these stimuli, no orthographic reason compels the structure. For example, /'tad-ay/ could be an English word. These results indicate that information stored in the lexicon can influence neon colors.
Unfortunately, the stimuli used by Prinzmetal and Keysar (1989) confounded morphological structure with a simple orthographic factor. In each compound word, the bigram within the morpheme had a higher frequency than the bigram that straddled the morpheme boundary (see Seidenberg, 1987) . For example, in LETUP, the bigram ET is about twice as frequent as the bigram TU. To avoid this confound, Experiment 6 used seven-letter compound words for which Digram frequency and morphology made opposite predictions. The words had a morphological break after the third or fourth letter (e.g., ANTHILL, SHUTEYE). The critical, ambiguously colored letter was the middle (fourth) letter. Consider the word ANTHILL. If morphology affects neon colors, then subjects should judge the H as the color of the ILL more than the ANT. However, bigram frequency makes the opposite prediction because the bigram that straddles the morphological boundary (e.g., TH) has a higher frequency than the bigram within the morpheme (e.g., HI). A morphological effect would necessarily reflect the influence of lexical information; for example, /an-thil/ could be a word in English.
Method
The procedure was identical to that in Experiment 4, except that there were six blocks of 24 trials. Six of the stimulus words had a morphological break after the third letter, and six had it after the fourth letter (see Appendix). For each stimulus, the frequency of the bigram with the target that straddled the morphological boundary was higher than the frequency of the bigram within a morpheme, according to both of two different bigram norms (Mayzner & Tresselt, 1965; Underwood & Schultz, 1960) . Each stimulus was repeated four times in a block. On two presentations, the first three letters were overlaid with a grid of red lines and the last three letters with green lines. The other two presentations within a block had the opposite color assignment. The middle letter was overlaid with the ambiguous plaid. In all other respects, the experimental procedure, design, and apparatus were the same as in Experiment 4. Sixteen subjects, selected as in Experiments 1-4, participated.
Results and Discussion
Subjects responded with the color of letters within the morpheme more than with the other color (57.7% and 42.3%, respectively). This effect was highly reliable with subjects as the random variable, F(l, 15) = 18.52, MS, = 17.820, p < .001. All but 2 of the 16 subjects responded more often with the color of letters within the morpheme. However, the effect of morphemes was not reliable with words as the random variable, F(l, 10) = 1.77, MS, = 186.50. In the analysis over words, this experiment was less powerful than the previous experiments because there were about half as many stimuli. (The degrees of freedom for the syllable effect in the other experiments was at least 22 compared with 10 in this experiment.) Thus, the present results can be generalized to a new set of subjects from the same population but not to a new set of words (Clark, 1973) . This is probably appropriate because there are very few words that meet the morphological and bigram frequency selection constraints in this experiment and most of these were used.
Unlike the previous experiments, subjects tended to respond with the color of the first three letters. Subjects responded with this color on 57.7% of trials. This effect was reliable both over subjects and stimulus items, F(l, 15) = 19.65, MS, = 72.57, and F(l, 10) = 7.65, MS, = 186.50, respectively (both ps < .05) . The combined analysis was also reliable, quasi F'(l, 17) = 5.58, p < .05. It is not clear what biases subjects to choose the color in the beginning or ending of a word, or why seven-letter words should produce different results than five-letter words.
The present results, together with those of Prinzmetal and Keysar (1989) , demonstrate that morphological information stored in the lexicon can influence neon colors. However, the results do not necessarily mean that bigram frequency has no effect. Its effect may simply be weaker than those of morphology. The results of Experiment 6 do imply that Experiments 4 and 5's failure to find a phonological effect did not occur because word-specific lexical information does not influence neon colors. Rather, either a phonological code is not generated in this task, or if one is generated, it does not reflect syllabic structure.
General Discussion
The color of ambiguously neon colored objects-in this case, letters-was influenced by the orthographic and morphological structure of the words in which the letters occurred. Subjects perceived an ambiguously colored letter as more similar to other letters within the same reading unit than as letters outside that unit. The same results were obtained with a brief exposure as with unlimited viewing. The influence of reading units was not a consequence of a guessing bias, but rather it represents a genuine perceptual phenomenon. The effect was obtained with words and pseudowords. No purely phonological effects were found. However, morphological structure also affected the color of target letters. The pattern of effects was the same as with illusory conjunctions: there were effects of orthography and morphology but not phonology (Prinzmetal et al., 1986; Seidenberg, 1987) .
The effect of reading units on neon colors adds to previous findings of cognitive effects on color perception. Yet, the present results are unique in several respects. For example, Hering (1925 Hering ( /1964 proposed that color constancy was achieved, in part, because of a tendency to perceive objects in their expected colors. Duncker (1939) tested this hypothesis by presenting subjects with a leaf and a donkey, both cut from the same green paper. When illuminated with red light (so as to appear gray), subjects perceived the leaf as being more green than the donkey. (Also see, e.g., Bruner, Postman, & Rodrigues, 1951; Harper, 1953; Herring & Bryden, 1970) . Thus under certain circumstances, observers may tend to perceive objects in the color in which they usually occur. However, in the present experiments, the cognitive influence does not arise because subjects are used to seeing a particular letter in a particular color. Rather, the cognitive influence on color perception is mediated by the effect of cognition on perceptual structure.
A distinction between cognitive effects mediated by the expectation of objects occurring in particular colors and cognitive influences mediated by perceptual organization can be seen in research with illusory conjunctions. Treisman and Butler (reported in Treisman, 1986) showed that although subjects had a tendency to report objects in their expected color (i.e., carrot as orange), the effect was not greater when the briefly presented display contained an orange object than when it did not. Thus Treisman concluded that although the detection of a color might be influenced by top-down knowledge, the integration of feature information was not. However, the results of Prinzmetal et al. (1986) show that knowledge of the structure of letter strings can have a fairly large influence on illusory conjunctions.
There are a few previous reports of the perceptual structure of a stimulus, in the gestalt sense, influencing color perception. For example, Wilhelm Fuchs (1923 Fuchs ( /1974 ) suggested a demonstration in which a gray object would appear more red if it were subjectively grouped with red objects and would appear more green if grouped with green objects. Perceptual organization has also been shown to influence neon colors (Day, 1983; Van Tuijl & Leeuwenberg, 1979) . This research is discussed later. However, these previous effects can be explained without appealing to acquired cognitive information such as reading units. Thus, the present findings uniquely demonstrate that acquired cognitive structure can influence color perception. These studies are relevant to specific issues in word perception and neon colors. I first turn to specific issues in word perception and then to neon colors. Prinzmetal et al. (1986) hypothesized that two different processes influence the perceptual structure of words. First, abstract orthographic knowledge is applied to words and pseudowords alike. This information is independent of lexical information. Such a process can explain effects with pseudowords with clear orthographic structure (e.g., VOBKA). Second, structure is applied as a consequence of lexical access. This type of process is ideally suited to explain effects with morphological boundaries (e.g., TODAY, ANTHILL). As previously mentioned, current lexical models of word perception can explain many effects with pseudowords without hypothesizing abstract orthographic knowledge (i.e., McClelland & Rumelhart, 1981; Paap et al., 1982) . These theories would need to be modified or extended to explain the structural effects with neon colors and illusory conjunctions. In anticipation of these theoretical developments, the present data are considered only circumstantial evidence for the two-process model proposed by Prinzmetal et al. (1986) . However, the model can serve as a heuristic for organizing this discussion.
If orthographic information, independent of specific words, affects neon colors and illusory conjunctions, the first problem is how to characterize that information. Prinzmetal et al. (1986) hypothesized that readers have knowledge of which consonants and consonant clusters are legal at the beginning of syllables, which vowels and vowel clusters can follow these, and which consonants and consonant clusters can end a syllable (Haber & Haber, 1983) . Alternatively, Seidenberg (1987) proposed that bigram frequencies are sufficient to characterize orthographic knowledge. Experiment 6 demonstrates that bigram frequency cannot explain the effects found with neon colors. Furthermore, certain spelling regularities cannot be explained by bigram frequency. For example, the bigram CK never occurs at the beginnings of syllables, but it is not infrequent at the ends of syllables. Similarly, CR occurs at the beginnings of syllables but not at the ends of syllables. However, there is as yet no data in the neon color task that proves that subjects use this sort of information.
Experiment 6 demonstrates that spelling structure, described by bigrams or in some other manner, is not the only influence on reading units. The structure of words like ANT-HILL is not predicted by orthography, and therefore the effect must reflect the influence of lexical morphology. There are at least two ways of thinking about the processes involved. First, the word ANTHILL might be recognized as a whole. Information about morphological structure could be stored with such words. Alternatively, one or both of the separate morphemes (ANT or HILL) could be recognized before the word as a whole is recognized. This second proposal is attractive because the discovery of small words in a large word might help aid in parsing and identifying the large word. In any case, the neon colors task demonstrates that lexical morphology affects word structure. It would be interesting to see whether the present results extend to bound morphemes such as prefixes and suffixes.
Surprisingly, phonology did not influence neon color or illusory conjunctions. This result is especially remarkable in light of the evidence that lexical information (i.e., morphology) does affect performance. There are several ways in which phonology could influence performance in word perception tasks (Banks, Oka, & Shugarman, 1981) . First, it could be that word perception always proceeds by a translation from an orthographic to phonological code and that words are ultimately recognized by the phonological code (e.g., Van Orden, Johnson, & Hale, 1988) . Second, it could be that there are both phonological and orthographic "routes" to word recognition (e.g., Coltheart, 1978; McCusker, Hillinger, & Bias, 1981) . Finally, effects of phonology might reflect postlexical processes (e.g., Humphreys & Evett, 1985) .
The dual-route theory cannot be ruled out by the present results because the phonological parsing of the stimulus items in Experiment 4 could only be done on the basis of lexical information (i.e., stress assignment). Presumably, the stimuli can be processed by a faster orthographic route. Postlexical phonological information seems to be used mostly in tasks that have some memory component (Baddeley, 1979) . In the present experiments, subjects did not have to retain information over time. Hence, tasks with a memory component might show an effect of phonology. The present results are only inconsistent with the idea that recognition always takes place through a phonological code that contains information about syllable structure. As was discussed previously, it is possible to have a phonological code without any overt marking for syllable structure. If a phonological code is generated, it is very different from speech phonology in which syllabification is important (e.g., Kahn, 1980; MacKay, 1972) .
In this study, subjects were not asked to read the words. Yet, neon colors reveal information that would be helpful for word recognition. If a letter string can be parsed into multiletter units, then there are fewer units to recognize than there are letters (LaBerge & Samuels, 1974) . In addition, the concept of "units" implies statistical information about the cooccurrence of letters in English orthography. This information may be simple bigram frequency or something more involved (see previous discussion). In any case, redundancies in orthography can assist word recognition (e.g., Miller, Bruner, & Postman, 1954) . Finally, very rapid recognition of little words (or morphemes) in big words may assist in the appropriate parsing of the big word (e.g., .ANTHILL).
Although the present findings may be reasonable in terms of word perception, why should cognitive factors influence the spread of neon colors? Two types of theories have been proposed to account for neon colors (Redies & Spillmann, 1981) . The neural approach has linked color spreading to various simple neural mechanisms that have low spatial resolution for color (Grossberg & Mingolla, 1985; Livingstone & Hubel, 1987; Redies et al., 1984) . The gestalt approach, on the other hand, has claimed that neon colors result from observers' choosing the most efficient interpretation in the sense of Pragnanz (Van Tuijl & Leeuwenberg, 1979) . Prinzmetal and Keysar (1989) proposed a theory that contains aspects of both approaches. They suggested, consistent with neural theories, that neon color spreading is due to low spatial resolution for colors. However, color spreading is constrained to occur with objects or "perceptual units." Prinzmetal and Keysar pointed out that such a scheme would lead to efficient coding of color information. This is because each colorsensitive filter in the system would represent a large area. However, additional mechanisms would constrain color spreading so that the color of one unit would not bleed to adjacent units.
The approach proposed by Prinzmetal and Keysar (1989) is somewhat similar to that of Grossberg and Mingolla (1985) . Grossberg and Mingolla proposed two systems to account for neon colors and a number of other phenomena. The feature contour system is responsible for color spreading. The boundary contour system discovers boundaries that constrain the color spreading. The boundaries in this latter system need not be visible. Day (1983) elegantly demonstrated that suggested (but invisible) boundaries can constrain neon colors to within coherent regions. Grossberg and Mingolla's boundary contour system can discover boundaries that would be inferred from the gestalt principles of good continuation and closure.
The present results can be explained by postulating that reading units additionally constrain color spreading. It is assumed that a color from the unambiguously colored letters spreads beyond the letter boundaries and reinforces the same color in the ambiguously colored target letter. In Figure 1 , for example, the red in the VO spreads and reinforces the red in the D. The green in the KA, however, is inhibited from spreading across the unit boundary. As with Grossberg and Mingolla's (1985) boundary contour system, the reading unit boundary is not directly visible but is only revealed by the spreading colors. The color spreading outside the gray letters to the black is not perceived either because it is below threshold or because there must be some positive luminance for the colors to be visible (i.e., black colors are not visible).
The present explanation makes the claim that constraints imposed by information about orthographic structure can have the same processing consequences as constraints imposed by gestalt factors such as good form or good continuation (e.g., boundary contour system). This claim may seem radical. Factors such as good form or good continuation can be explained by fairly simple neural systems (e.g., Grossberg & Mingolla, 1985) ; they may exist in very young infants (Dodwell, Humphrey, & Muir, 1987) ; they seem a natural consequence of physics (Marr, 1982) ; and presumably, they are shown by all members of the species. The discovery of reading units is probably considerably more complex, occurs only with literate subjects, and has nothing to do with the physics of the world. These distinctions are mostly ontogenetic, however. There are instances in other perceptual domains in which acquired cognitive structure has a strong influence on perception. For example, categorical perception of phonemes is acquired (Werker, in press ), but listeners can more easily discriminate sounds that lie across a phonemic boundary than within boundaries (Liberman, Harris, Hoffman, & Griffith, 1957) . In music, the particular notes chosen within a scale vary from culture to culture (Castellano, Bharucha, & Krumhansl, 1984; Dowling, 1978) , but these cognitive factors transcend the purely psychoacoustic properties of sound (Shepard, 1982) .
Similarly, the structure of English spelling and morphology is something that is learned, but the effects on parsing can be similar to those determined by stimulus geometry. These cognitive effects could be considered a consequence of leakage of information from one processing system (word perception) to another (color perception). Alternatively, they could be considered a consequence of a system that is designed to efficiently process a range of visual stimuli-from natural scenes to words-by using a wide variety of information about stimulus structure.
